The paper deals with the estimation of natural frequencies of the vertical vibration of ship hull, taking into account the recent investigations on the effects of fineness of the hull, shear deflection and rotatory inertia and the virtual inertia coefficient of the water. Some empirical factors obtained from the observations on board actual ships are shown.
Introduction
Quite a number of empirical formulae have been so far put forward by many authorities for a quick estimation of natural frequencies of a ship hull in the design stage, for instance, Schlick formula, Todd formula, Prohaska's investigations on the corrections to existing knowledge on ship vibration and recently Dieudonne's formula and other formulae by numerous researchers1) ,2) ,3). Great efforts have been exerted on the subject of estimating natural frequencies of ship vibration in the past.
Such an upshot of the problem may be due to the reason that the natural frequencies of ship hull are determined on the basis of the free-free bar corresponding to a prismatic ship hull, in which the following basic parameters are accounted for ;
1. Effect of variable cross section and distribution of load.
2. Virtual added mass of water surrounding ship.
3. Shear deflection and rotatory inertia of the section of ship hull.
4. Effective breadth of the section or the reduction of rigidity of the hull in the higher mode of hull vibration.
5. Effects of coupled vibration of bottom panels and superstructure upon the main hull vibration in the higher frequency.
In the present paper the author considers the first three effects for estimating natural frequencies, including the higher frequency of the hull vibration and taking into account more rational consideration than the current empirical formulae. Any considerations are, however, left out here either on the reduction of rigidity or the effect of coupled vibration of the bottom panel of the hull and deck house on ship hull vibration, both in the higher frequency of the vibration. For that further study about (4) and (5) Substituting (a), (b) and (c) into (2), following current formula is obtained,
Since distributions of I, Jive are known for a given type of ship co could be calculated, if y were assumed in the above expression, by means of numerical integration of equation (a). Estimation of el-value in two node vertical vibration of ships, the investigation was carried out in detail by
Prof. Prohaska1) for various loading distributions of cargo.
On the other hand, regarding the effect of shear deflection and rotatory inertia, the natural frequency of the vibration of uniform bar is estimated through some calculations on the Timoshenko equation, Figure  1 .
On the other hand, it is to be noted that the in water is to be calculated under some assu- Next, though it seems to be difficult to assume normal mode it will be possible to assume, for instance, from the mean form ship data of the normal mode of main hull of ship on a trial trip and the calculations of natural frequencies were carried out by an electronic computer. By the use of results of their measurements of natural frequencies and the shear rigidities and other data of the section of respective ship, the result of the ca-values computed from the formula estimated by the author were obtained by following the above method of assumptions of each factor.
The results of the ca-value obtained from actual ships are shown in Table I . As seen in the 
